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Abstract

NASA’s Deep Space Network (DSN)is
responsible for providing communications,
tracking, and scicnce services to most of the
world's spacecraft that travel beyond low
Earth orbit, Changes occurring to the DSN’S
customers arc forcing the DSN to change
substantially aswc]] - in capability, capacity,
and efficiency. Spacecraft tracked by the
DSN are becoming smaller and cheaper,
while still requiring significant science re-
turns, This places increased demands on the
DSN to adopt ncw technologies and improve
the quality of the services it provides. Some
of these technologies include beam waveg-
uide antennas, Ka-band communications,
cooled HEMT amplifiers, adaptive mi-
crowave optics, new error correcting codes,
and ultra-stable ionic frequency standards.
At the same time, budget constraints from
NASA have resulted in asignificant decrease
in funds spent on mission operations -
including the DSN. This means the DSN
must adopt al this new technology while
halving the average cost for each tracking
hour it provides. The DSN will achieve this
incrcase in efficiency by a complete
reengincering Of itS operations processes -
redefining operat ions jobs and taking
advantage of advances in information
systems technology and automation. This
paper describes both the new technologies
and ncw operations concepts that, together,
will allow the DSN to continue its leadership
in deep space communications and tracking.

1.The DSN'S Customers
NASA’s Deep Space Network (DSN)is

the responsibility of the Ground Networks
Division of NASA’s Office of Space

Communications. The DSN is managed for
NASA by the Jet Propulsion laboratory
(JPL) in Pasadena, California.

The DSN is responsible for providing
communications, tracking, and science scr-
vices to most of the world's spacecraft that
travel beyond low Earth orbit. The DSN also
provides services to a large number of Earth
orbit ing spacecraft, including low Earth or-
biters (1.LEOs), highly elliptical Earth orbiters
(HEOs), and gcostationary Earth orbiters
(GEQOs). The DSN provides these services
cither to supplement NASA’s Tracking and
Data Relay Satellites (I'DRSS) during periods
of outage, or if the customer cannot afford to
carry the communications systems required to
operate through TDRSS.

It is the customers that drive the DSN to
change with time. It has been that way since
the DSN was cstablished in 1963. Each new
deep space missi on required ncw capabilities
from the DSN and the DSN responded by
building larger antennas, new detectors for
higher frequency communications, lower
noise receivers, more precise clocks, etc.
Each subsequent generation of deep space
mission has resulted in orders of magnitude
increases in the DSN’s performance.

Figure 1 shows the evolution of one use-
ful metric with time. This is the telemetry
(downlink data) capability of deep space
communications using the DSN. The data in
the Figure has been normalized so that the
target spacecraft is always at the same
distance (nominal Jupiter distance.) In this
way, wc can track i mprovcments in the
comniunication system without having to ac-
count for the degradation of the spacecraft
signal due to distance. The Figure includes
performance improvements made in both the
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DSN and on the spacecraft. In fact, it is the
end-to-end system that determines the per-
formance. Improvements in the space and
ground systems arc developed in coordina-
tion at JPL to achicve the best science return
a the lowest cost. The Figure shows that
tclemetry performance has increased by nine
orders of magnitude since 1963.

Wc have now entered an era in which the
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this breed. Future deep space missions will
be substantially lower cost.

Lower cost DSN customer missions will
most likely result in more capability being re-
quired from the. DSN. Unfortunately, the
DSN’S budget is also decreasing. The only
way to keep up with the demand is through
the development of new technologies that will
alow the DSN to i mprove its performance (in
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Figure 1.

History of deep space telemetry performance

DSN’s customers are still driving improve-
ments in the ground system - but for a differ-
ent reason. Rather than requiring large im-
provements in performance, new deep space
missions arc requiring large savings in cost.
As NASA’s overall budget decreases with
time, and large projects such as the Shuttle
and Space Station drive priorities, the fund-
ing left over for deep space exploration de-
creases even more.  The cra of large, expen-
sive planctary spacecraft (such as Voyager,
Magcllan, and Galileo) has ended. The
Cassini mission to Saturn will be the last of

telemetry and other areas as well) while, at
the same time, reducing the overall mission
coststo NASA.

Because deep space missions will be
mucllower cost, there will be more of them
in flight at any given time. The number of
DSN customer spacecraft in flight in 1994
was 16. This will grow to 40 by 1999. This
will force the DSN to add the capacity re-
quired to support these simultaneous cus-
tomers.
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Many of these new technologies arc dis-
cussed in the following Sections. The DSN
has access to these technologies because
NASA has funded a DSN advanced technol-
og y program since the DSN began. This
program has enabled the DSN to meet its past
and present challenges. It is acrucial tool in
meeting the future challenges as outlined in
this paper.

2. Beam Waveguide Antennas

Since its beginning, the DSN has led the
way in the maximizing the ratio of gain to
noise (G/T) in large antennas, The DSN’s
70m antennas arc among the world's largest
stecrable antennas used for deep space
communication and tracking,

The growing number of in-flight cus-
tomer spacecraft has resulted in a growing of
the DSN’'s antenna resources. Figure 2.
shows the planned antenna configuration in
the DSN in the year 1999. Most of the new
antennas arc 34m Beam Waveguide antennas.
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DSN Antennasin 999.
White antennas are new since 1994

A beam waveguide antenna uses a series
of microwave mirrors to channel energy from
the surface of the dish to a focus in a
controlled environment under the main
struct w-c. There is nothing ncw in the con-
cept of a beam waveguide antenna.  JPL.’s
contribution has been to make the beam
wavcguide antenna suitable for DSN applica-
tion.

The DSN beam waveguide antennas usc a
shaped primary and secondary reflector to in-
crease aperture efficiency. Construction and
mater ials selection (and the usc of ncw low
noise amplifiers - see Section 4) have resulted
in optimized G/I" for DSN frequencies.
Further, the reflector accuracies have been
fine tuned to allow operation at Ka-Band (see
section 3).

‘I"he first DSN beam waveguide antenna
was built at the research and development site
at Goldstone, 1>SS13 [ 1]. The 34m DSS13
antenna has served as atest bed for develop-
ing antenna building techniques. Lessons
learned from DSS 13 have already been used
to improve the performance and lower the
cost of subsequent IDSN beam waveguide
antennas. The first operational DSN beam
waveguide antenna came on line in 1995 at
Goldstone.

Figure 3. shows a cut away view of the
1>SS13 antenna.  The advantage of the beam
waveguide configuration is that very little
electronics needs to bc placed on the tipping
structure of the antenna. Instead, the front
end equipment is located under ground, in a
label atory environment.  The dlightly in-
creased antenna structure cost over a casseg-
ranian system is more than offset by the re-
duced cost of the front end equipment. A
rotating elliptical mirror in the basement can
direct microwave energy to any of several
sets of front end cquipment. In this way, the
DSN can easily expand its capabilities in
higher frequencies without adding weight to
the already overcrowded cassegrainian focus
arcas of our conventional antennas.
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The DSS 13 Research and Development Antenna

One specia feature of the DSS 13 antenna
is the bypass beam waveguide. This second
waveguide can route energy over the edge of
the dish. It is a prototype for possible future
retrofitting of our 70m antennas.

Although there arc signal degradations
from the additional mirrorsin the waveguide,
these arc offset by the environmental control
of the front end equipment and the ability to
cool more of the microwave components
(because they do not have to tip.)

Reduced operating costs also result from
the beam waveguide technology. The re-
duced weight on the tipping structure will
mean longer bearing life. Since the front end
equipment is mostly in an easily-accessible
location, it will cost less and take less time to
service. Also, the antenna need not be taken
out of service to repair front end equipment.

3. Ka-Band

It is well known that communications
performance increases like the square of the
carrier frequency. For this reason, the DSN
has moved steadily to higher frequency op-
eration over the years. Today, the main fre-
guency of the DSN is X-band (8.4 GHz.)

The next step in frequency will be to Ka-
Band (32 GHz.) DSS13 was built with Ka-
band in mind and it has the DSN’S first Ka-

band receivers. Transmitters at Ka-band will
be added in the near future.

If there were no degrading effects, then
for the same size spacecraft and ground
antennas, Ka-band should have about a 11.6
dB performance advantage over X-band.
Unfortunately, scveral effects limit this ad-
vantage [2], For one, Ka-band is much more
strongly effected by water vapor in the
Earth’s atmosphere. Antenna surface accu-
racy must be greater to allow efficient Ka-
band operation. The narrower beam requires
more accurate antenna pointing. Also, front
end electronics on both the spacecraft and
ground tend to be noisier at Ka-band than at
X-band,

Allthese effects combine to give a pre-
dicted relati ve performance as shown in
Figurc 4. The data in this Figure come from
experimental measurements performed at
DSS 13 together with expected improvements
in the DSN research program by the year
2000. It should be noted that X-band per-
formance is also expected to improve by
2000. Figure 4 shows the advantage of Ka-
band over X-band taking this into effect,

Atmospheric losscs appear at the top of
thechart. There is little wc can do about
these short of placing the DSN antenna in
orbit (this has been studied several times but
is unlikely to occur in the next decade
because it is not cost effective.)
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Figure 4.
Predicted Ka-band link performance Relative to
X-hand for the year 2000

The next set represent DSN losses that
wc arc currently working to reduce even
further. These arc followed by a set of
spacecraft losses. Woc are also working to
reduce these.

A similar Figure produced in 1993
showed only a 2.4 dB advantage for Ka-
band. improvements since that time have in-
cluded more efficicnt spacecraft solid state
power amplifiers (S SPAYS), better pointing at
DSS 13 using a steerable secondary mirror,
and improved DDSS13 antenna efficiency.

When all of these arc taken together, the
performance advantage of Ka-band over X-
band is expected to be 4.9 dB by 2000. With
further improvements expected in the re-
search and development program over the
next fcw years, wc expect this advantage to
be grow to between 6 and 8 dB.

At the same time, wc arc working to re-
duce the cost of adding a Ka-band capability
to the DSN. The cost of adding Ka-band
front ends to three 34m beam waveguide an-
tcnnas has been reduced from as estimate of
$30M five years ago to about $18M today.
Much of this is duc to technology improve-
ments that will be described below, in addi-

tion to operational experience gained from
1)ss13.

4. HEMT Amplifiers

W’hilt it is obviously important to maxi-
mize the efficiency and surface area of our
antennas to incrcase their gain, it is equally
important to maintain alow noise floor in the
front end clectronics.  The overal perfor-
mance Of the s ystem is a strong function of
G/T. For this reason, the DSN has tradi-
tional 1y employed t he lowest noise technolo-
gics for its front end detection amplifiers
(known in the DSN as low noise amplifiers,
or LNAs.)

Currently, the best 1.NAs that the DSN
employs arc maser amplifiers. AT X-band,
these usc ruby rods that arc cooled to a
physical temperat urc of 4.5 K to produce a
very low systcm noise temperature of about
20 K.

A protot ypc X-band ultra low noise am-
plifier (ULNA) was developed for DSS13
that cools the ruby to a physical temperature
of 1.6 K [3]. The UI.NA achieved a record
systc m noise temperat urc of 14.4 K. It is
currently used as part of the Goldstonc Solar
System Radar to produce radar images, of
planets, asteroids, and comets.

‘J 'he problem with the X-band ULNA is
cost. It is expensive to build and even more
expensive to operate. It is cooled with su-
perfluid helium, The cooling system is ex-
pensive and labor intensive. Onc important
lesson learned from the ULNA was that there
was considerable performance improvement
to be had from cooling more than just the
maser. The ULNA also has a cooled horn
and feed - taking full advantage of the fact
that, in a beam waveguide antenna, it dots
not have to tip.

The DSN has been converting its LNAS
from Masers to High Electron Mobility
Transistor (HEMT) amplifiers. These are
solid state devices that arc cooled to only 12
K, resulting in a reduced cost for the cryo-
genic refrigerat or. At S-band, HEMTs have
about the same noise performance as masers.
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For this reason, we have already begun con-
verting our S-band 1.NAs.

Although X-band HEMT LNAs have a
dlightly higher noise temperature than their
maser counterparts, wWc can take advantage of
the beam waveguide environment to build
cooling packages that cool not only the
HEMT, but much of the feed horn and other
front end microwave equipment as was done
with the ULNA. The total package is
expected to have noise performance that
surpasses the current tipping masers.

Ka-band HEMT devices are also under
development at JPL.  Here, we have the ad-
ditional problem of characterizing these de-
vices at low temperatures and high fre-
quency. Specia technologics arc being de-
veloped for on-wafer characterizat ion [4],

5. Ncw Receivers

Since its beginning, the DSN has used
binary phase shift keying (BPSK) as the pre-
dominant modulation type with deep space
missions. Simple first order phase lock
loops have been used up until this year.

This year, the DSN introduced a ncw
generation of receivers based on technology
developed in the research program. These
receivers, caled the Block V, are digital re-
ccivers that combine the demodulat ion of
carrier, subcarricr, and symbols in an inte-
grated design [5].

The Block V receivers also allow ncw
DSN modulation types, including QPSK and
fully suppressed carrier in BPSK.

Costas carrier tracking phase locked
loops with sideband aiding are employed.
Loop bandwidths and orders can bc
controlled digitally to optimize performance
as a function of time,

State of the art gallium arsenide (GaAs)
microclectronic technology is used to imple-
ment the signal processing portions of the re-
ceivers.

In addition, the Block V receivers will re-
duce DSN costs. They arc much smaller de-
vices than the older receivers, taking up less
than1/10 the space. They also replace sub-
carricr and symbol demodulation units.
Final ly, they provide functionality for array-
ing signals from multiple antennas (see
Section 6.)

6. Antenna Arraying

It order to make the best usc of the
DSN’s antennas, sometimes the signals from
asingle spacecraft incident on several anten-
nas must be combined. This can happen
when a customer requires more gain than can
be provided with a single 70m antenna, It
could also be the case that a customer would
require the equivalent area of two 34m anten-
nas, but thatthe 70m’s arc required for an-
other customer at the same time.

For these reasons, the DSN has been de-
veloping methods of arraying its antennas.

Thefirst usc of antenna arraying for deep
spacecraft communications was for Voyager
2's Uranus encounter. It was the primary
mode used at Voyager's Neptune encounter.

Even before this, antenna arraying tech-
niques were used to support ground-based
science observations including the Goldstone
Solar System Radar and Very 1.ong Baseline
Inteferometry (VLBI.)

Up until now, the primary mode for an-
tenna arraying in the DSN has been baseband
arraying [6]. In the baseband arraying sys-
tem, the carriers at each antenna arc demodu-
lated. The baseband signals arc then com-
bincd at a central location. Baseband array-
ing has two disadvantages. First, it requires
sufficient signal strength at each antenna for
good carrier demodulation to occur. Second,
once the carriers arc demodulated, any infor-
mation they may have carried that could bc
usefu | in the combining operation is lost.

New techniques have been developed
within the research program that will perform
better. These include full spectrum combin-
ing and complex symbol combining [7].
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Either of these schemes will perform almost
aswel | as idea carrier arraying (perfect
summation of signals) under nominal condi-
tions. They arc being implemented for the
Galileo mission.

7. New Error Correcting Codes

Onc tool that is used to increase telemetry
performance for decp space missions is error
correcting coding. Through coding, redun-
dancy is added to the raw bit stream transmit-
ted by a spacecraft in such away asto alow
bits correctly received on the ground to help
fix bits that arrive in error.

Figure 6 shows a steady evolution of
codes used by the DSN for deep space mis-
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lutional code concatenated with a (255, 223)
Reed- Solomon code.

The Galileo mission will usc a more
powerful code. The inner code will be a ( 14,
1/2) convolutional code. The outer code will
be a variable redundancy Reed-Solomon
code. Instead of each codeword being the
same length, a set of four codewords will be
grouped together into a code block. Each
codeword wi il have a different amount of re-
dundancy added, T'he most redundant words
will tend to decode with the most reliability.
The corrected bits from these words can then
be used to aid in the correction of the other
codewords.

The latest codes under development for
the DSN are called turbo codes [8]. Turbo
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Figure 6.

Performance of various error coriecting codes

sions. The horizontal axis is E,/Ny, the en-
crgy required in each bit of information to
achicve the indicated bit error rate perfor-
mance. The mathematical limit for coded per-
formance (the Shannon limit) is indicated on
the Figure.

The current coding system used by most
missions consists of an inner (7, 1/2) convo-

codcs usc concatenated convolutional en-
code]s to gencrate very powerful codes that
(in some cases) arc simpler to decode than
similar performance conventional codes.

With the advent of very powerful, small
computers, much decoding can now be
performed in software. All the decoding for
the Galileo S-band mission will bc accom-
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plished in software. Turbo codes, with their
promise of simpler decoding algorithms, may
lend themselves to asoftware implementation
- even at more typical deep space data rates.

8. Data Compression

The performance of the telemetry link can
be increased by reducing the amount of bits
that arc actually transmitted to represent the
required information. Data compression is
the technology used to reduce the redundancy
in the source data. Although data compres-
sion was used in deep space missions as far
back as Voyager 2 [9], and more recently
planned for Galileo before the HGA problem
[ 10], future missions will use the technique
to a much greater extent.

Most of the research performed by the
DSN in data compression is related to
compressing images. This is because image
data (both monochromatic and multi-spectral)
represents the bulk of data transmitted from
deep space. Sonic effort has been placed into
other high bandwidth data types such as that
from seismographs [11 ].

Special  adaptations of the Joint
Photographic Expert Group (JPEG) image
compression standard have been created for
usc on deep space missions [12]. These pro-
duce very high fidelity results for planetary
images at 10:1 compression ratios (an equiva-
lent 10 dB performance gain) and good re-
sultsup to 40:1,

Ncw techniques under investigation in-
clude using code division multiple access
(CDMA) techniques to communicate with
man y spacecraft in orbit around a planet (c,
g.Mars) [13] - since al the spacecraft would
be in the becamwidth of a single 34m antenna.
This could reduce costs substantially since a
single antenna could be used to support all
these spacecraft.

9. lonic Clocks
Deep space missions arc navigated pri-

marily from observation of their radio sig-
nals. The three main t ypcs of radio metric

measurements uscd are Doppler (frequency
shift in the signal due to relative acceleration
of the spacecraft), range (round trip travel
time for the signal), and Very Long Baseline
Interferometry (precisc measurement of the
angle the signal makes with the Earth made
using two ground antennas.) All of these
requirc  very  preciss  and  accurate
measurements of time. Radio science (using
perturbations in the signal to infer
inforiation about something in the signals
path - e.g. a planetary atmosphere) puts an
even greater strain on time measurement. For
these. reasons, the DSN has aways used state
of the art frequency standards,

The current frequency standard in the
DSN is the Hydrogen maser. This atomic
clock uscs transition states in the Hydrogen
atom to lock a microwave reference signal.
The lydrogen maser can produce frequen-

cies that arc good to a part in 10" at averag-
ing intervals of 1,000 seconds (typical of
round trip light time.s to planetary spacecraft.)

A ncw technology, the Linear lon Trap
(LIT) [24] can surpass the Hydrogen maser
in performance, and hence enable gravita-
tional wave detection experiments that will be
conducted with the DSN in the year 2000. A
drawi ng of the physics package of the LIT is
shown in Figure 7. The LIT uscs Mercury
ions Jather than H ydrogen atoms. lons, be-
ing charged particles, can be confined in a
given space using small electric fields.
Atoms, on the other hand, require bulky
magnets for confinement, By confining the
ions to a linear region in space - rather than in
apoint as is done for atoms - more ions are
confined. This increcases the signal to noise
ratio of the system, providing an enhance
measurement.

LINEAR ION
TRAP MAGNETIC
HELMHOLTZ [ N\ 7Y SHELDS
COILS g /
40-GHz /—fjmé-ﬁﬁﬁ_@ﬂg_z‘__ﬂ
WAVEGUIDE “H| & = F—w
Figure 7

Physics package for the lincar ion trap (I .1T)
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Two prototype LIT units have been built,
They have demonstrated a frequency stability

of about 5 parts in 1016 for 1,000 seconds.

10. Reengineering

Dividing the total 1 994 DSN budget
(including planning, operations, engineering,
and research) by the total number of tracking
hours provided leads to a cost per tracking
hour of about $3,000. If the total annual
DSN budget were to remain constant through
1999, the cost pcr tracking hour must de-
crease to about $1,800 to accommodate the
increase in capacity. In reality, the DSN
budget will not remain constant over this pe-
riod, but will decrcase. All of this leads to
the conclusion that the DSN must become
twice as efficient by 1999 as it was in 1994.
This must also happen at a time when the
DSN will be adopting many ncw technolo-
gies, leading to a substantial implementation
near-term investment. This degreec of
progress is not likely to be achieved through
the continuous improvement programs al-
ready in place, but rather will require a more
radical rethinking of the basic processes used
in operating the network.

Since there needs to be a fundamental
change in the way DSN operations functions,
wc dccidcd to try using reengineering.
Reenginecring is a technique for creating
substantial improvements in performance.
The formal definition of reengincering
(according to Hammer and Champy [15]) is

the fundamental rethinking and radical
redesign of business processes to
achieve dramatic improvements 1 n
critical measures of performance.

Since reengineering was ncw to JPL, and
since it was being used with great success in
many American companies at the time, wc
dccided to follow Hammer and Champy’s
methodology closely. In this way wc would
achicve two objectives: obtain the required
gains in DSN operations efficiency and de-
termine the applicability of reengineering to
NASA and the DSN.

A full account of the recngincering work
appears in [16]. B y far, the most important
change in DSN operations will be the reengi-
necred Data Capture process.

Data Capture is the process in which all
real time communications and tracking of
customer spacecraft (i .c. activities) takes
place. The old DSN data capture system is
characterized by Figure 8

Link Complex |Ground |Network [Data

Monitor [Monitor |Comm. |Ops Services
and and Facility |Control |Ops
Control |Control Center |Team

ISpacecraﬂ" @ @ w f w

Projecy
-

DSCCs | Central Opa

Figure 8
The old DSN data capture system

The circles represent control points in the
system. Notice that the current system is
divided into a series of separate facilities.
Each of these facilitics has its own people,
tools, and procedures. Each onc has to work
in o1 der for Data Capture to succeed in
delivering customer services.

Historically, it was beneficia to build
Data Capture in this way. When the DSN
was new, there were many complex
engincering  challenges to  overcome.
Dividing the problem up into simpler tasks
resulted in a manageable set of goas to
accomplish.

There are, however, several problems
with this facilities-oriented approach. First,
there is a tendency to duplicate functions in
each facility. Examples of this duplication
include the customer interface function, re-
port generation, and certain kinds of tool de-
velopment.

A second problem is that each of the in-
terfaces between these facilities must be man-
aged careful 1y to reduce errors. This is par-
ticularly difficult as adjacent facilities on the
diagram can be in distinct management orga-
nizations.
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Data Capture has been reenginecred by
reducing the number of facilities to just two
and redefining al the jobs in the system. The
result is shown in Figure 9.

Connection

irec
Operator Network Ops Directo

Spac:ecral‘(1 © o Project
{Backup Capability)
DSCCs Central Ops
Figure 9.

Reengineered data capture system

In the new Data Capture system, a single
person (called a Connection Operator) will be
responsible for the end-to-end process during
any real time activity. During any activity,
the Conncection Operator provides the primary
interface with the customer. In some sense,
the Conncection Operator can be thought of as
work ing for the customer.

At some central location, a single person,
the Network Operations Director (NOD) will
be responsible for the execution of Data
Capture for all customers. The NOD will
have similar tools tothose used be the
Connection Operators and can assist with the
handling of exceptions that may occur.
Exception Handlers will work for the NOD
and will provide additional cxpertise to assist
the Connect ion Operators when trouble
arises. The NOD is responsible to the pro-
cess owner of Data Capture.

A second area that has been recngincered
is the process by which support data (i.e.
antenna pointing instructions, predicted per-
formance, DSN equipment configuration,
and customer sequences of events) is pre-
pared for activities. Theis called the Activity
Plan process.

The reengineered activity plan process
has two major improvements, First, all sup-
port data is generated on the fly from latest-
ava lable data residing in a central data
management system. This replaces a batch
system that Icd to the generation of multiple
setsof datain advance for contingent condi-
tions.

The second improvement is a move from
event-oriented planning on the part of our
customers to service-oriented planning.
Befor e, the customer had to have a in-depth
unde) standing of particular sets of DSN
equipment to allow an activity to proceed, In
the future, customers will request services
from a DSN standard service cataloguc. The
service request will be site-independent. Just
before an activity commences, the request
will be translated into a series of automation
scripts for usc by the actual equipment in the
DSN.

T'hese reengincering improvements  will
allow the DSN to meet its operations effi-
ciency goas in the year 2000.

11. Galileo as a Sign of the Future

‘I"he Galileo mission to Jupiter experi-
enced amajor setback when its X-band High
Gain Antenna (HGA) failed to deploy in
1991, When it became clear that the HGA
could not be freed, the DSN began working
with the Galileo project to creatc a viable
mission that could be flown entirely on the S-
band Low Gain Antenna (1.GA). Without the
HGA, the Galileo signal is degraded by some
40 dB.

The resulting Galileo S-band mission rep-
resents (except for the fact it is at S-band) a
glimpse into the DSN of the next century.
Thisisbecause, in order to develop a Galileo
S-band mission with a meaningful amount of
science return, all ncw technologies under
development in the DSN were called into ac-
tion. In fact, the Galileo S-band system will
represent the first use of many new commu-
nications technologies, Many of these new
developments will become routine after
Galileo.

The full blown S-band mission as de-
scribed here, begins with Galileo’s orbital
tour in the spring of 1996.

‘The DSN will routinely array its large
antennas to maximize signal collection for
Gdlileo. In Australia, which has the best
view of the Galileo spacecraft, as many as
fow antennas will be arrayed on a regular
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basis. The arraying techniques take advan-
tage of the complete spectrum of the Galileo
signal (as passed through the LNAS.)

Galileo will be the first DSN deep space
mission to used fully suppressed carrier
tracking. The DSN’s newest receivers, the
Block V digital receivers, will be used.

Galileo will optimize its telemetry link by
changing data rates as many as eight times
each day in order to compensate for the
increased atmospheric losses and low ground
antenna elevations. The ncw DSN ground
system Will track through these rate changes,
looking backward in time at buffered data as
needed so as not to lose asingle bit.

An optimized S-band feed-LNA systcm
(called the wultrcone) will be used on the
DSN’'S 70m antenna in Austrdia - the key
antenna for Galileo. Many of the same
techniques that arc used to develop optimized
1.NA performance at higher frequencies were
used initsdesign.

New, more powerful error correcting
codes arc to bc used as described in the
Section 7.

The improvements listed so far represent
about a 10 dB improvement in Galileo’s link
performance.

A second 10 dB comes from the judicious
usc of data compression. All images will be
compressed. Ratios between 10:1 and 20:1
will be common in the mission. Images that
will be used to provide data for navigating the
spacecraft will even be compressed further.

Together, the use of new technology has
resulted in a predicted 20 dB improvement in
Gdlileo’'s telemetry link. The improvements
represent a very small investment when com-
pared to the funds expended on the mission.
in addition, many of the improvements will
be applicable to future deep space missions
using the DSN.

With these improvements, and an equally
substantial effort in spacecraft planning and
software development, the Galileo project
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est i mates it can achieve 70% of the science
objectives originaly planned for the mission.

12. Conclusions

As indicated in the beginning of this pa-
per, the DSN must face significant challenges
to meet both tle performance and cost re-
quirements imposed by the NASA envi-
ronment. However, the cadre of technolo-
gics and operational changes available to the
DSN should allow us to meet these chal-
lenges and retain our status as a premier fa
cility for deep space communications, track-
ing, and science.

The work and research contained here has been carried
out by The Jet Propulsion Laboratory / California
Institute of Technology under contract to the National
Aeronautics and Space Administration.
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